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California has one of the most productive agricultural regions of the world, producing more
than 400 commodities with a value of more than $37 billion. In the westside of central
California, over 200,000 ha exhibit naturally high levels of salinity and boron (B) in the
soils, especially those derived from Cretaceous soils. Both excessive salt and B negatively
impact agronomic production in this part of California, which has severe economic conse-
quences for the farming communities. Developing new salt and B management methods and
identifying alternative tolerant crops are essential agronomic strategies for this region of
California.
& 2014 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
In the westside of central California, over 200,000 ha
exhibit naturally high levels of salinity and boron (B). The
Coast Ranges of the west central California evolved from
complex folding and faulting of sedimentary and igneous
rocks of Mesozoic and Tertiary age. Cretaceous and Tertiary
marine sediments dominate the Coast Ranges, which drains
to the western San Joaquin Valley. These marine shales and.11.018
er GmbH. This is an open access
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issue entitled “Tracing the
portance of trace elements”.
.usda.govsandstones weathered into a sulphate regime evidenced
by extensive efﬂorescence salts and evaporites at water
and shale surfaces (Irwin and Barnes, 1975). Weathering
of reduced shale (oxidation of pyrite, FeS2) was largely a
reversal of the chemistry of the early diagenesis of the shale
(reduction of sulphate), and contributed to the presence of
natural-occurrence of salts, including boron (B) and selenium
(Se), in soils, shallow ground waters, and even in drainage
waters originating in parts of the westside on the San Joaquin
Valley. Both excessive salt and B negatively impact agronomic
production in this part of California, which has severe
economic consequences for the farming communities. Con-
sequently, identifying crops that are salt and B tolerant, and
are low maintenance to grow (see Benes et al., 2004), is a
practical strategy for this part of California. One additionalarticle under the CC BY-NC-ND license
Figure 1 Sunﬂower.
Figure 2 Mustard.
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the plant's products of economic value.
Maas and Grattan (1999) and Grattan et al. (2002) have
reviewed effects of salinity and even B on yields of different
crops, and they clearly indicated that crop yields are a
function of interactions between salinity and various soil,
water and climatic conditions. Growing crops successfully in
poor quality soils requires more information on both irriga-
tion production practices and on salt and B management
strategies that will be essential for growers. The sustain-
ability of farming such soils will be dependent on managing
the ever-increasing accumulation of salts in the soil and
using the appropriate plant species for the varied quality
soils and/or waters. Moreover, such plant parameters as
stage of growth, varieties, irrigation methods, bed arrange-
ments and plant population density also inﬂuence the ability
of the selected plant species to survive.
In addition to salinity, the additional phytotoxicity of B
and boron's interaction with salinity may become major
limitation for many growers (Letey et al., 2001). Due to the
unavailability of fresh water, leaching cannot be economic-
ally and practically used as a management tool for extrac-
table soil B concentrations in the root zone, especially when
at least 3 times more water may be required to leach B than
that amount of water necessary to leach non-B salts (Oster
et al., 1999). In this regard, the following two fundamental
questions will, however, need to be addressed if leaching is
practiced: Is adequate low saline or fresh water available
for this management practice? Where does the leachate go?
To some extent, winter rains and application of some clean
water at the beginning of each growing season in early
spring helped reduce salinity and B levels in the topsoil layer
in the past. However, under our current drought conditions
in central California, rainfall and available waters are now
no longer dependable commodities. Our objective is to
identify alternative salt and B crops that require a minimum
amount of water in this region of California.Figure 3 Cactus-prickly pear.
Figure 4 Safﬂower.Experimental—materials and methods
Researchers at the USDA-ARS have conducted multi-year
extensive research trials in an attempt to identify crops that
are both salt and B tolerant and also have potential economic
and agronomic value. These include: Brassica spp (mustard,
canola), cactus (Opuntia ﬁcus-indica), safﬂower (Carthamus
tinctorius), sunﬂower (Helianthus annuus), salt-grasses (Dis-
tichlis spicata), and poplar trees (Populus deltoides). These
plants were grown in soils that had sulphate salinity levels
ranging from 6 to 15 dS/m, soluble B and selenium (Se)
ranging from 5 to 12 B mg/L and 0.25 mg Se/L, respectively.
In addition to salt and B tolerance, plant utilisation was also
considered for selecting alternative salt-tolerant crops for
use in a high salt and B growing conditions.Results
Stand establishment for the selected salt and B crops was
generally good during the study periods. Figures 1 through 6
show the most salt and B tolerant plant species capable of
growing under these poor quality soil conditions.Discussion
Bañuelos (2011) has grown different moderately salt and B
tolerant plants, i.e. mustard, canola, safﬂower, and sunﬂower,
under saline and B conditions. From the oil feedstocks they
were able to produce biodiesel. After oil extraction from the
seeds, the residual Se-enriched seed meal was used as part of
animal feed rations for sheep and dairy cows. In these meals,
Figure 5 Salt-grass.
Figure 6 Poplar Trees.
G.S. Bañuelos6Se is more bioavailable as an essential trace element for
animals; Se deﬁciencies are generally a far greater problem
than Se toxicities. If non-oil feedstocks and seed meals are to
be considered as part of any feed ration, other accumulated
trace elements, e.g. Mo, Cu, and even the macronutrient-S,
need to be monitored for their potential antagonistic relations
within animals. Producing products of economical value from
salt and B-tolerant crops can contribute to the long-term
sustainability that is essential for success and acceptance by
growers to utilise poor-quality soils for the production of
alternative crops.
Conclusion
We have identiﬁed salt and B tolerant plant species that can
both tolerate high salinity and B levels in the soil and also
produce bio-based products of economical value.Conﬂict of interest
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